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6 ] If #a 1 ~ 5 ® ^^-r^^*^^cfa«® *^S® J: y h fc^e^ 

[«ra®»ilB*:SiW] 
[0 0 0 1] 

s-&e>tifc«e^-s:iSjfi'r-57?ffi. Slu^, -^■®:&^ss:Mv^T«^ti6ife®ae^® 

[0 0 0 2] 

, F-fy • TjI U**^4'^i>i:«;oT-e::^^7-f (Zebrafish) $:«ofc:*: 
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(Driever, W. et al., (1996) Development 123, 37-46. ; Haffter, P. 
et al.. (1996) Development 123, 1-36.) « 
[0 0 0 3] 

@) N-x^;v-N--hnyS* (enu) t% 

D-:^>^^'r-53^*^libV^^V^e»^^.t^'&^toTV^S (Postlethwait, J. H 
0 . and Talbot, W, S. (1997) Trends Genet., 13, ) . 
[0 0 0 4] 

-*T% »edP^D->^blSlnia(D^ShbT, Hopkins o^;i/-:/lii/hn 

SASMS&^^b:^ (Gaiano, N. et al., (1996) Nature 383 , 829-832.) « 

<. ffiMe5M«<3?>^Sf^^J-ii^^^*'^3^*^^^ (Postlethwait, J. H, and 
Talbot, W, S. (1997) Trends Genet., 13,) o 
^ [0 0 0 5] 

DA. Representational Difference Analysis) (Cimino, G. D. , Gamper, H. 
B., Isaacs, S. T. and Hearst, J. E. (1985) Psoralens as photoactive prob 
es of nucleic acid structure and function : organic chemistry, photochem 
istry, and biochemistry. Annu. Rev. Biochem. 54, 1151-1193) i^}l<D:f5^\^ 
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Chackrabarti, S. et al., (1983) Genetics 103, 109-124. ; Mull ins, M. C. e 
t al., (1994) Curr. Biol. 4, 189-202.) « 
[0 0 0 6] 

EC3[)t^I•e^3^^C^t^T'V^(D*^«§g•e^^*^e>-efe^ (Stuemer, C. A. 0, (1988) 
Retinotopic organization of the developing retinotectal projection in t 
he zebrafish embryo. J. Neurosci. 8, 4513-4530) o 
[0 0 0 7] 

— DNA<DmmU,mt:Vrnihnr^^^hV:^^JV)J^Uy (4,5' ,8-tri 
methylpsoralen ) (J«T. TMF t^^^^. ) i)K i^BM (Escherichia col 
i) (Caenorhabditis elegans) fCfe VNTlfliS'^/J^^ 51 

^ @ r -r ^ ^ ^ ^ T V ^ . 
0 [0 0 0 8] 

nrtB3&*f L/V^®e-?'^M^^ (mutagenesis system) CDM^:«)^*«^> tlT VNfco 

^itie><Dj^*ii. TMPaEMffi*^ ^mmmmz^e^f^y^c V 
cD^M«^ *«i b da^^- u ^ ;u i»«f -r -5) co^ame^:^^ 
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[0 0 0 9] 

»J b fc^e^- S: S3Jt t S ffi (c M t S . 
[0 0 10] 

® ©tan «: «?^-r s *^fcB8-r s . 

# [0011] 

*)J;V>*«, »*b<«^^ (I) , 



[0 0 13] 

) 

[0 0 14] 



[0 0 12] 



[ftl] 




(I) 



R' 
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uTJV^Jvm. ^mme-so. m^i^<ite^2 0. <fc b<i±6-i o 

[0 0 15] 
[0 0 16] 

^;&ifOD/\D>f>lS^. ;>^^L/>$;:t=3*^^. 2, 2 - ^ V > i^pf* 

[0 0 17] 

n-:7^ntf;i/S. ^ \f':fu\f?vm. n-:f^jvm. t-y^>n/fi, 'v^e/ 
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[0 0 18] 



[0019] 

T'*^ti-5> h U :?^^;i/y^ (TMP) ifimfhtl^o 
[0 0 2 0] 

TMP (4-5' -8-triiiiethylpsoralen) li. ^^^^R§ 
M^CJ:UDNA^lle>-&^S:«^•r^tfU DNA-M 

tCiy-WUffi^tl. ^«i:bT/jN^S*iXi^S:*'f e (Cimino, G. D. et al., 
(1985) Annu. Rev. Bioche«. , 54, 1151-1193.) « 

^(DXu i^^COl&ffi, M^K^ RD Affi (Representational 
Difference Analysis) (Lisitsyn, N, et al. , (1993) , 
Science, 259 , 946-951.) tjL^X*. ^Ma5&i£fil0^fe^WT>7 ^ U - ^ b 
fc^. i^^mi:^^Xm'&i^±^^^ (ChroBosonal walking ) f ^ri:tC<fctl 




CH3 



(II) 



CH3 



[0 0 2 1] 
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(Caenorhabditis elegans) -e^SStlTV^S ( Yande 
11, M. D. et al., (1994) Proc. Natl. Acad. Sci. USA, 91, 1381-385.) . L 

[0 0 2 2] 

AlgifS^^T-fe-STMP (Driever, W. , Solnica-Krezel , L. , Schier, A. F. , 
Neuhauss, S. C. F.,Malicki, J., Stemple, D. L., Stainier, D. ¥. R., Zwar 
tkruis. P., Abdelilah, S. , Rangini, Z., Belak, J. and Boggs, C. (1996) A 
genetic screen for Butations affecting embryogenesis in zebrafish. Deve 
lop«ent 123 , 37-46) tC ASSimSr^Tofc. 0 1 IC 31 ®SliJi*ffi®tSll$:^^-r. 

A5:^5^n (+/m) {Ct,o F iM^iclcWT e>ti-fco F 1 ^ftttSF 
^SAB^i^ ( + / + ) t^ffi^ti, ^(D^SLH^H^&Oi^mAtR^&^^^tHZ 
*)oF 2*aS:^«-ebfeo F2^]^ ( + /+*fctt + /-) H±®^ffi'<rcD 
4Sfi(CljfflCDai-&-e, F 3 tCl/4 ®Jt*T-3gSS:5J^=EgJ-& (m/m) ICjft., 

[0 0 2 3] 

•e^^7-< i/aAB^i^COitS:, 0. 03% (W/V) <D3-T^y^A# 
ih/u-^o 3 - 5M®«*^e> 2 0 u 1 S®^Vtr^U -"CWMSr^ilb, 3ng/ 
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ml;b^e>3 0 0 ng/mlODTMPi:. 1 :i^)VXJV^^^i/ \^ (DMSO) 
?:-g-t?/N>^ (Hank* s ) r^i^^M 0 0 u 1 JCS^ bTto 5^tS^(D±X-m 

UMODJ:{C?BTLTM^. DN A^g^S (T F L - 2 OM, Vilber Lo 
u rma t ttS. O^^1^^mi*S®0D-tJ-«^. ^8*3 1 2 n m. 0 

. 0 2 J / c m ^ CD^#T*^ h U MCOjSffi L (C^^l^^ b fco 
[0 0 2 4] 

^MR^^aa^tl^'^SMS^ AB3^^<DiatS:^St»L/Tfe^ (Stuemer, C. A. 0 
(1988) Retinotopic organization of the developing retinotectal project 
0 ion in the zebrafish embryo. J, Neurosci. 8, 4513-4530) JCS>oT]ffi^^< 
flPLT^Sy ffib:t«Tbv^iElir|P^:AXS«L;^ (HOB) o ^mLt=.m^mmT 
'T?2 8SJCT1 2^^e^. ^Satl (Allende, M. L. , Amsterdam, A., Becke 
r, T. , Rawakami, K. , Gaiano, N. and Hopkins, N. , (1996) Insertional muta 
genesis in zebrafish identifies two novel genes, pescadillo and dead eye 
, essenstial for embryopnic development. Gene Dev. 10, 3141-3155) F Iffl 

;b^^^JCWofe (5 9 4^tfi, 5 8 oM) o — 3 0 n g /m 1 TM P T-^fLS 
0 :^tir=.^(Dlt9BB^XlZiD^^^5 1% (6 5 Om^. 3 7 1 M) . 3 0 0 ng 
/mlTMFXmM'^nt^%<DX\tQ. 5 % ( 5 1 5 M^P, 4 9 M) b^^^S® 

[0 0 2 5] 

3 0 n g/ml TMPT«La$*i:^J»^*^^#g*bfc:EcOW. 7 0%Kk± (1 
7 OM*. 1 2 2M) ;?)^S«^2 0B*TJC$*^*^*^$:^b:feo 

-*T*. TUP himi^mn^^r^\t-'^<Dmm^^j^<ht^^^x\t. '^m<Dm 
mtt^rti' i2%&.r) T&ofco 

[0 0 2 6] 
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3 0 0 n g/m 1 OTM P T^tl^n^Qta ^ -*I^CDl«l(0|PS: AX^S 
Vtz.o 3 0H^. 3 0 n gXml(DTMFl:(DmM&M<DF imi^. 1181M 
tfi6M:C>V *fe3 0 0 n g/ml C0TMPT?CD*aSa5feOF iMflt. 1 3 0 

3 0 n g/m 1 C[>TMP7?0. 5%. 3 0 0 n g /m 1(Z> TM P ^ 2 % h tt^^ 
# [0 0 2 7] 

35. ifC3 0 n g/ml C^)TMP7?^[l!a$4xfc«^-ffi*<OF 1. 2 6fg^^^^ 

y — > (Stuemer, C. A. 0. (1988) Retinotop 



ic organization of the developing retinotectal projection in the zebrafi 



sh e«bryo. J. Neurosci. 8, 4513-4530) tf^hi) 2^m^Ml^f=io n^btlf^W^m 



[0 0 2 8] 

»S^lCMl^S:i#o2 9^^<0^mf* (j 10) e>lCftb<»^bfc. 

M^SWS^ (no tectal neuron) (n t n j 5) ^S^CDEC^^-r-^ ^V^:tV^ 

4 o^raMjaT*«^i:SS{CjSS?«lcSi»;;0^*U^fco SlT-fe^^Wt;^^.- >ru >^ 

y ^D-:^>axin:^ji: (S i gmatt) (Haffter, P., Granato, M. , Brand, M., M 
ullins, M. C, Hamaerschnidt, M. , Kane, D. A., Odenthal, J,, van Eeden, 
F. J. M., Jiang, Y.-J., Heisenberg, C.-P., Kelsh, N. , Furutani-Seiki , 
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M., Vogelsang, E. , Beuchle, D. , Schach, U., Fabian, C. and Nuesslein-Vo 
lhard, C. (1996) The identification of genes with unique and essential f 
unctions in the development of the zebrafish, Danio rerio. Development 1 



23, 1-36) T'^&L:t^r5, m^m<Dmv\t.3 7-3Qwm(Dmizmi^<^& 
mmnm(Dmm^^*m^. «^-n-^y^v;l/^?^^bfc (02A) « Lti^h 
. mmmnm^ (ntn) ^mi^(Dmx-\tm<Dm&x-\tm&\zm\i^tM.?>nrjtf)^ 

• (^^::^ I I I I) • HB>^>^«$tl-5^.T?itilL/T»r^S (Chen, 



C. and Tonegawa, S. (1997) Molecular genetic analysis of synaptic plasti 
city, activity-dependent neural development, learning and memory in the 
mammalian brain. Annu. Rev, Ne 



[0 0 2 9] 

m2it. m^m (a) t.mM^w&^ (ntn) (b) (Dm<Dm^s smmx 
$>^o m':Sf)^^(Dij^-^Mx&^. iEmmm^ii^. ^mi^> tpc (The 

tracts of posterior co mm issures) ^Jg'^o 
TTj {t. J^&^M^^ir. a2cfacOX>r-;i/A-li. lOOumSr^-To 
[0 0 3 0] 

:^mm^^\it. i&^ti'tl (edawakare) (edwjlO) ^M^I^Srffi 
i:n->trr- K (R o h o n -B e a r d) ^^»Sc^)*f§W^(^)M«'S:iiS 

cD^^hlP^Etu^^csl^bTv^:t (03 a) ^mi^^x^t^^ tmmiznM 

aa5ftf¥tT*MbTv^:^o «f^tt«l;0^o;^ (03 B) o 

[0 0 3 1] 
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8^|S-e, l?^SC0n->lf7- F (Ro h o n-B e a r d) 

ofe<3^t)S**>ofc. (edw) ^M<ifcT-li, SF^S®#*&i5*nto 

[0 0 3 2] 

3fi:5imj#e,tt$e.{c, «^2 8^raT'l?^f*®«&*W^M«6»ffi (CaP) jb^ 

03 E) , (edw) ^M#®W*1 5M®S5filS®C a P«^®3^i:*l* 

f66S^ffl^^^^^i^T'#SS^«)TV^fc (03 F) . 
[0 0 3 3] 

03 {±, «^ 2 8 (AJfctfB) , n->lfT-F ( 

Rohon-Beard) (CXt/D) , ^bT, ^:*-?>cai&»@ ( 

EJ^O^F) ®. HP*^ (A, CSLt5E) feJ:tf«!»-*^tlM (e d w) (B, 

e d wE®mitLfe^^#ig«flPg (BS.t5D) ifilig bfcM»WS«I§ll (F) 
H3CDX'!r-;i//t-tt, 1 0 0 u m (AS.OtE) . 5 0um(C)-eS) 

■So 

[0 0 3 4] 

rtl?>®^l^t±, e dwaSS*^S5.#S®^J:tKD->:f l/'V F (Ro h 
on-Beard) ^»»S®aftfCD*«: e>-r#SfE5Ji«l®?^^tC%»SS: jStS 

[0 0 3 5] 

<Dnmm'^m^iS^X'^fjt\<^:^m^mm^ (f u b, fro. s 1 o) *«#©3tX 
TV^■& (Gaiano, N., ABSterdam, A,, Kawakami, K., Allende, M. , Becker, T. 
and Hopkins, N. (1996) Insertional nutaeenesis and rapid cloning of ess 



ajH#¥l 1 -3 0 2 2 9 6 3 
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ential genes in zebrafish. Nature (London) 383, 829-832. Sladek, F. M. , 
Melian, A. and Howard-Flanders, P. (1989) Incision by UvrABC excinucleas 
e is a step in the path to mutagenesis by psoralen crosslinks in Escheri 
chia coli. Proc. Natl. Acad. Sci. USA 86, 3982-3986) , Ltf^V. 

[0 0 3 6] 



[0 0 3 7] 

3 0 n g/mi t:^^oV^uymmiii<Dmm\t^^h<m'^^^o ;&ifj&e>. 

MPCD^Saii. 0. 0 1 --3 0 0 n g/m 1. if ^ b < liO. 1 — lOOng/ 
ml. J:y»^b<l*0. l~50ng/ml. ^ e> ^C^f S b < 1 - 3 0 n g 

/m 1 TfeSo 

[0 0 3 8] 

it=.. *«^cZ)*ffiJC33t:tsy^l/>SI««cCDe^*^^bTld:. trf^bfcJ: 
■5JC5|t^tc^!iSt* ffiCD^STfeoT %<fc 
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[0 0 3 9] 

U^e;>*g«^(0«*^^S:*fce>b. DNAlrZ^m^mm-r^ (Driever, W. , 
Solnica-Krezel, L. , Schier, A. F. , Neuhauss, S,C, F., Malicki, J., Stem 
pie, D. L. , Stainier, D. Y, R., Zwartkruis, F. , Abdelilah, S. , Rangini, 
Z,, Belak, J. and Boggs, C. (1996) A genetic screen for mutations affect 
ing embryogenesis in zebrafish. Development 123, 37-46) o DN A^:^^(D 

m<Dmmmi&(Dmmm u m b t:m^^?Lmmt b a l ^ y a d n a (D/^mm^jt 

^ X^^%r^h't:r,tti^i<:mMtlimAX*^^tlX\^^^ (Chitnis, a. B. and Kuwad 
a, J. Y. (1990) Axonogenesis in the brain of zebrafish embryos. J, Neuro 
sci. 10, 1892-1905. Furutani-Seiki , M., Jiang, Y.-J., Brand, M. , Heisenb 
erg, C.-P. ,Houart, C, , Beuchle, D. , van Eeden, F. J. M., Granato, M. , Ha 
ffter. P., Hammerschmidt, M., Kane, D. A., Kelsh, R. N., Mull ins, M. C. , 
Odenthal, J. and Nuesslein-Volhard, C. , (1996) Neural degeneration mutan 
ts in the zebrafish, Danio rerio. Development 123, 229-239) « ^(D^oi^ 

a 

0 [0 0 4 0] 

RDA (Representational Difference Analysis) (Cimino, G. D. , Gamper, H 
. B., Isaacs, S. T. and Hearst, J, E. (1985) Psoralens as photoactive pr 
obes of nucleic acid structure and function: organic chemistry, photoche 
mistry, and biochemistry. Annu. Rev. Biochera. 54, 1151-1193) S:f?V^, e 

't^^&)lZ. ENU^MS (Russell, W. L. , Kelly, E, M. , Hunsicker, P. R. 
, Bangham, J. W. , Maddux, SX. and Phipps, E. L. (1979) Specif ic- locus t 
est shows ethylnitrosourea to be the most potent mutagen in the mouse. P 
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roc. Natl. Acad. Sci. USA 76, 5818-5819, Wilson, S. W. , Ross, L. S. , Par 
rett, T. and Easter, S. S. Jr. (1990) The development of a simple scaffo 
Id of axon tracts in the brain of the embryonic zebraf ish, Brachydanio r 
erio. Development 108, 121-145) ^JfA^M^ (Mullins, M. C. , Hammerschm 
idt, M., Haffter, P. and Nuesslein-Volhard, C. (1994) Large-scale mutage 
nesis in the zebraf ish: in search of genes controlling development in a 
vertebrate. Curr. Biol. 4, 189-202) JCjUX-Ttf fflfe^S T -^(D L A^fcJC 

[0 0 4 1] 
[0 0 4 2] 

mmmi 

ii^^y^^y^:=LAB^m(Dm^. 0. 0 3% (W/V) <Z)3-T^ y^SS 
^jhhji^. 3-5MOOii;^)^e>20 u lMC0^-Vtr^U-T-«?K^®5[b, 3ng 

/m 1 t^h^ 0 0 n g/m 1 cDTMPi: 1 i?->f F (DM so 

) (Hank* s) 0 0 u 1 \zmMhf:^o 

[0 0 4 3] 

y^^v^m^h^)m.<D±\z.m-rvxm^. dnais^^ (tfl-2om, vi 

Iber Lourmat ttS, y^Z^:^) CD^i^^^M*f^«<^-ttC«^. JSS 
3 12nm. 0. 0 2 J / c m ^ (D^fr-e^^ h U MCOjSffi L tC5^51^^S:M*f b:^ 

UTii?5fy ffibfe^bv^iE«#Pi:AXS«bfe (^OB) o S«Lfe?P?:BifMTT* 
281CICT. 12^iag^. ^ffiJiUF iMf*;tcWTfco 
[0 0 4 4] 

^0^©:^. 3 0 n g/m 1 CDTM P tlfe %CDli 9 0 S * -eiCfci*;b^ 5 



1 4 



miE#¥ 11-3022963 




#5p 10 — 249392 



7%(6 5 0M<t». 3 7 1011), 3 0 0 n g/m l©TMPT'^!lS^*life%iWe 
it. 9. 5% (SISfigcp, 4 9M) b*^^^Mt;«:*^ofc. 

son g/ml ®TMPT*®a$tlife«^*^e>^^bfcECO|^, 7 0 %J«± 
(17 0Mif. 1 2 2M) *^Sft«2 B B*-^{CS*^*«:*J^S:^bfc. 
[0 04 5] 
Ji:«0>l 1 

»i:/L.if^T0!)K*5^^RK:Wofc (5 9 4Mtt>, 5 8 0M)o 

^i^^■r3b^ (2%j«t) T-fe^fc. 

[0 0 4 6] 
*JgM2 

AB3^f^®ift©«^S:, 3 0 n g/ml i: 3 0 0 n g /m 1 ® TM p-p^^X-T 
tv^aaU, T^X^ -9Ri^®«i®IPS:AXS«L/fc, 3 0 3 0ng/ml® 

TMP^!lS*3ft®F l^i^Cl 1 8 1M*6M*^ 3 0 0ng/miroTM 

S§^1.«S^fJ®*-e«iaL.fcF 1 T*«, 8 6 6MCDtf fC'gi^agMSri^ofc 
M«ctt-en-eS)ofc. ^mmm\t. 3 Ong/ml TMPT'O, 5% 

, 3 0 0 n g/ml TMPt?2%i:tf-SCStl, TM P^MSl*-^:^^ 7 -f y S/a. 

[0 0 4 7] 

{CjSf-r-5fB^{Cj:S>^i' U- — >y (F2Xi^U-» S:f?ofc„ ±lC3 0ng 
/m 1 CDTMPt?^aSStlfc!fi^-a*©F 1, 2 6M<*^*^e> 1 0*^(DSS{*:S: 
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[0 0 4 8] 

TM P ic J; SgEMffi*^e> ^<«8tBbTV^S:li: S fcib, WS*lcMm 

fefip-o 2 (j j 1 0) ?:Se.{C»b<»«fbfc. 

^^Xi:LT02{Ca^t-. 
[0 0 4 9] 

SIKO^M^itti: bT, iR^A^tl (edawakare (edwjlO)) ^Sfl^ 

K (Rohon-Beard) ^^WS©*««I^, ^tO^C a P«|^©Mm*!5i 

[0 0 5 0] 
[«^©S&«] 

S!l^®^V>*it«i&, mc-^-:f'^y^'-yi^=L (zebrafish) O^M 

T- ^ s i: V ^ e) #M & * -r *s s: -r •s % ffl T' * .g. . 

CHI] 
[0 2] 

02tt, a^^S (A) fcntn (B) E©^^ 3 8 ^IST?®SiT-fe^-n/'fb^3. 
- ^ U > m^t: tc J; S ©^iffiSS^a © fil* *^ e> © 0 iS ic t) S ¥X-C- 

5. 



[03] 
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a 3 ti, 2 8 ^raoDHX#Sfi5^^»S (A, B) , Rohon-Bea 

rd^^#@ (c. D) , Lxm:^-ikmmnm (e, f) ® (a. 

C. E) i3J;Ufedw (B, D, F) ECDM**^e>©&fl!l®a$5fe^®0ffi{Cf^*5 
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[HI] 



TMPmmt 

U VHitt 



Fl 



F2 



F3 




(+/+) 



(m/m) 
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